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(57) Abstract 

This invention relates to compositions comprising l-aryl-4,5-dihydro-l,2,4-triazol-5(lH)-ones (triazolinones) in combina- 
tion with the herbicide (2,4-dichlorophenoxy)acetic acid (2,4- D), or like substituted phenoxyalkanoic acids, or esters, or alkali me- 
tal or ammonium salts thereof; or with certain herbicidal sulfonylureas, or mixtures of these classes of compounds, to provide 
herbicidal compositions which are highly effective against a broad array of crop weeds, particularly broadleaf weeds, in crops 
such as wheat. 
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HERBICIDAL COMPOSITIONS CONTAINING TRIAZOLINONES 

This application is a continuation-in-part of appli- 
cation Serial No. 852,424, filed March 16, 1992, which 
in turn is a divisional of Serial No. 664,704, filed 
5 March 5, 1991 (U.S. Patent 5,125,958), which in turn is 
a continuation-in-part of application Serial No. 
462,360, filed December 28, 1989 (now abandoned), which 
in turn is a continuation-in-part of application Serial 
No. 383,109, filed July 20, 1989 (now abandoned), which 
10 in turn is a continuation-in-part of application Serial 
No. 238,804, filed August 31, 1988 (now abandoned). 

This invention relates to compositions comprising 1- 
aryl-4 , 5-dihydro-l , 2 , 4-triazol-5 (1H) -ones (hereinafter 
"triazolinones") in combination with other herbicidal 
15 compounds, which compositions are useful as herbicides, 
especially against broadleaf weeds such as mustards, 
kochia, and the like. More particularly, it relates to 
these triazolinones in combination with the herbicide 
(2,4-dichlorophenoxy)acetic acid ("2,4-D"), or like 
20 substituted phenoxyalkanoic acids, or herbicidally 

effective commercially available esters, or alkali metal 
or ammonium salts thereof; or with certain herbicidal 
sulfonylureas, as defined below (hereinafter 
"sulfonylureas") , or mixtures of these classes of 
25 compounds, to provide post-emergence herbicidal 

compositions which are highly effective against a broad 
array of weeds which infest crops. 

The triazolinones employed in this invention, their 
preparation, and their use in combination with other 
3 0 herbicides including known herbicidal acetamides, 

benzothiodiazinones , triazines , dinitroanilines , and 
aryl ureas, is known from PCT International Application 
WO 90/02120, published March 9, 1990, discussed in 
further detail below, and whose U.S. counterpart is a 
3 5 parent of the present continuation-in-part application. 
The combination of these triazolinones with 2,4-D, or 
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other substituted phenoxy alkanoic acids, or with 
sulfonylureas is, however, not taught or suggested by 
this PCT publication. 

In accordance with the present invention there are 
5 provided compositions comprising triazolinones , as 
defined herein, in combination with 2,4-D, or like 
herbicidally effective substituted phenoxy alkanoic 
acids, or with sulfonylureas, or mixtures of the latter 
compounds, in agriculturally acceptable carriers, which 
10 are highly effective post-emergence herbicides in the 
control of a wide number of weeds which infest crops, 
particularly members of the mustard family, including 
shepherdspurse, bitter cress, blue mustard, 
tansyroustard, flixweed, and field pennycress. 
15 These compositions are particularly advantageous in 

that they provide for rapid kill of the majority of 
plant tissues, protection against the regrowth of the 
weeds and herbicidal control over a broad spectrum of 
broadleaf weeds, thus providing overall better 
20 herbicidal control. These compositions are generally 
faster acting or more effective than any one component 
alone. In the case of 2,4-D, the combination allows the 
use of lower rate of 2,4-D, compared with a higher 
application rate of 2,4-D alone. 
25 As described in PCT application WO 90/02120 (supra) , 

the triazolinones employed as components of the claimed 
compositions comprise herbicidal l-aryl-4 , 5-dihydro- 
l,2,4-triazol-5(lH)-ones of the formula 
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in which 

R is halogen or lower alkyl; 
R 1 is haloalkyl; 

X is hydrogen, halogen, alkyl, haloalkyl, alkoxy or 
5 nitro; 

Y is hydrogen, halogen, alkyl, alkoxy, haloalkyl, 
halo lower alkylsulf inyl, or halo lower alkoxy; 
Q is -CH(R 2 )C(R 3 ) (R 4 )Q' or -CH=C(R 4 )Q'; 
R 2 is H or halogen; 
10 R 3 is halogen; 

R 4 is H or lower alkyl; 

Q' is C0 2 H, C0 2 R 5 , CON(R 6 )(R 7 ), CN, CHO, or C(0)R 5 ; 
R 5 is alkyl, alkoxycarbonylalkyl , cycloalkyl, 
benzyl, chlorobenzyl , alkylbenzyl, or haloalkylbenzyl; 
15 and each of R 6 and R 7 is independently H, or a radical 

which is an alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, 
phenyl, benzyl, or S0 2 R 6 (in which R 6 is other than H) 
or is one of said radicals substituted by halogen, 
alkyl, or cyano; 
20 or a base-addition salt of the compound in which Q' 

is C0 2 H; or resolved isomers thereof; with the proviso 
• that any alkyl, alkenyl, or alkynyl moiety have less 
than 6 carbon atoms and that any cycloalkyl moiety have 
3 to 7 carbon atoms. 
25 Preferred amongst these compounds where R 2 , R 3 and 

R 4 have the meanings set forth above, and R, R', x and Y 
may be as follows: each of R and R 1 may, independently, 
be lower alkyl (preferably methyl) or halo lower alkyl 
such as fluoro lower alkyl (e.g. CF 2 CHF 2 or CHF 2 ) . R 
30 may also be a halogen atom such as chlorine. Preferably 
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10 



15 



20 



25 



R is methyl and R l is C HF 2 . The substituent x may be 
hydrogen; halogen such as chlorine, bromine, or fluorine 
(preferably fluorine); alkyl such as lower alkyl (e.g. 
methyl); haloalkyl such as halo lower alkyl (e.g. CF 3 , 
CH 2 F or CHF 2 ); alkoxy such as lower alkoxy (e.g. 
methoxy); or nitro; and Y may be hydrogen; halogen such 
as chlorine, bromine, or fluorine (preferably bromine or 
chlorine); alkyl such as lower alkyl (e.g. methyl); 
alkoxy such as lower alkoxy (e.g. methoxy); haloalkyl 
such as halo lower alkyl (e.g. fluoroalkyl) ; halo lower 
alkylsulfinyl (e.g. -S0CF 3 ) ; or halo lower alkoxy (e.g. 

OCHF 2 ). Particularly preferred X, Y substituents are: 
2-F, 4-Cl; 2-F, 4-Br; 2,4-diCl; 2-Br, 4-Cl; and 2-F, 4- 



CF 3 



It is preferable that any alkyl, alkenyl, alkynyl or 
alkylene moiety (such as the hydrocarbon moiety of an 
alkoxy or haloalkoxy group) have less than 6 carbon 
atoms, e.g. i to 3 or 4 carbon atoms, and that any 
cycloalkyl moiety have 3 to 7 ring carbon atoms, 
preferably 3-6 carbon atoms. 

Any acidic compounds, including sulfonamides in 
which NR6 R 7 is nhso 2 r6, may be conver ted to the 
corresponding base addition salt by known methods. 

Of particular interest in this invention are such 
compounds as ethyl 2-chloro-3-[2-chloro-4-f luoro-5-( 4 - 
dif luoromethyl-4 , 5-dihydro-3-methyl-5-oxo-lH-i, 2 , 4- 
tria 2 ol-l-yi)phenyl]propionate, (hereinafter "Compound 
P") having the formula 



CI 



/ N= — 1 CH 

CH 2 CH(CI)C0 2 C 2 H 6 3 
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and, e.g., the 4-chloro analog of this 4-fluoro 
compound . 

Certain of the l-aryl-4 , 5-dihydro-l , 2 , 4-triazol- 
5(lH)-ones of the present invention contain an 
5 asymmetric carbon atom; the invention thus includes 
individual stereoisomers as well as racemic and non- 
racemic mixtures of enantiomers of the instant 
compounds. For example, ethyl 2-chloro-3-[2-chloro-4- 
f luoro-5- (4-dif luoromethyl-4 , 5-dihydro-3-methyl~5-oxo- 
10 1H-1,2, 4-triazol-l-yl)phenyl]propionate ("Compound P") 
is composed of a 2S and a 2R isomer. The 2S and 2R 
isomers of Compound P were separated by High Pressure 
Liquid Chromatography (HPLC) , a method known to one 
skilled in the art, using a DIACEL CHIRALCEL OD column 
15 (distributed by Diacel Chemical Industries Ltd., Exton, 
Pa.)/ 4.6 mm ID x 250 mm, packed with silica gel of 10 
pm in particle size. Elution was accomplished with 1.5% 
ethanol in hexane at a flow rate of 1 mL/minute. 
The triazolinone compounds may be prepared by 
20 methods described in PCT Application WO/02120 or in the 
following illustrative example, or by methods analogous 
and similar thereto which are within the skill of the 
art. 

For instance, in Step A of the example below an 
25 amino compound of the formula (II) 




n 



(such as the compound shown in Example 1 of 
International patent publication WO 87/03782, published 
Jul. 2, 1987) is reacted (according to the Meerwein 
arylation reaction described below or a modification 
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15 



thereof) with an olefinic compound having the formula 
CHR2_ CR 4q, to form a compound of Formula j aboye in 
which Q is -CH(R2 )C ( R 3 )(R 4 )Q , and in wh . ch r3 ±- 
halogen. m this type of reaction the amino compound is 
converted to a diazonium salt which -then reacts with the 
olefxnic compound through a radical mechanism. The 
Meerwein arylation reaction is discussed in an article 
by Doyle et al in J. Org. chem. , 42, 2431 (1977) which 
also describes a modification of that reaction in which 
10 an alkyl nitrite and a copper (II) ha iide are employed. 
(Step A of the example below employs the Doyle et al 
modification.) instead, one may employ the unmodified 
reaction, in which the arenediazonium haiide is 
initially prepared in an aqueous halogen acid solution 
and then mixed with the olefinic compound in the 
presence of an appropriate solvent (e.g. acetone) 
followed by the copper salt, such as copper (I) 
chloride. 

Examples of olefinic compounds having the formula 
CHr2= C r4q, are methyl acrylate , ethyl acrylate/ m 

methacrylate, methyl crotonate, methyl 3-chloroacrylate 
methacrolein, vinyl methyl ketone, methacrylonitrile and 
acrylamide. 

The product made by the reactions described above 
25 i.e. a compound of Formula I in which Q is 

-CH(R2)C(R3 )(R 4 )Q , and in wh . ch R3 . s halogen/ may ^ 

treated to form other compounds of this invention 
Dehydrohalogenation of that compound (e.g. with sodium 
hydride or other suitable base) , when R 2 is H , yields a 
compound in which Q is -CH=C( R 4 )Q , (as in step fi Qf ^ 
example) . That compound may be hydrogenated or 
halogenated to form a compound in which Q is 

: CH(R2 )C (R3 )(R 4 )Q , and R3 is H (froa hydrogenat . on/ qs 

111 Step C) or R2 and * 3 are halogen. When Q' is -co 2 H 
the acidic compound of formula I may be converted to the 



20 



30 



35 
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corresponding amide, as by first treating with a reagent 
such as thionyl chloride to form the acid halide 
(wherein Q' is, for example, -C0C1) and then reacting 
with ammonia or an amine. Alternative methods of amide 
5 formation, involving carbodiimide-mediated coupling, are 
known , as for example where the amide is formed from the 
carboxylic acid (of e.g. formula I) and the amine, in 
the presence of dicyclohexylcarbodiimide, 1-hydroxy- 
benzotriazole and a base such as a tertiary amine, e.g. 
10 N,N-diisopropylethylamine or triethylamine, in a solvent 
such as tetrahydrof uran . 

Instead of starting with an amino compound one may 
start with an otherwise identical compound having a CHO 
group in place of the NH 2 group and react it with a 
15 Wittig reagent (which may be a standard type of Wittig 
reagent or a modified type such as a Wadsworth-Emmons 
reagent) . Thus, the reagent may be an alkylidene 
phosphorane whose alkylidene group has the formula 
=C(R4)Q' such as (C 6 H 5 ) 3 P=CHC0 2 R 5 or it may be a 
2 0 phosphonate ylide comprising a phosphonate diester in 

which the group directly attached to the P atom has the 
formula -CH(R 4 )Q' such as (C 2 H 5 0) 2 P (O) CH 2 C0 2 R 5 , used 
together with, say, NaH in known manner, r5 i s 
preferably lower alkyl such as methyl or ethyl. The 
25 product thereof may be hydrogenated to produce a 
compound of Formula I in which R 2 and R 3 are each 
hydrogen, or it may be halogenated (e.g. with chlorine) 
to form a compound of Formula I in which R 2 and R 3 are 
each halogen. The latter compound may in turn be 
30 dehydrohalogenated to form a compound in which R 4 is 
halogen and then hydrogenated to form a compound of 
Formula I in which R 4 is halogen and R 3 and R 2 are H. 

Instead of starting with a compound containing the 
triazolinone ring and adding thereto the Q substituent, 
35 one may start with a compound of the formula 
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m 



and then form the triazolinone ring. Compounds of 
Formula III are shown, for instance, in published 
European patent applications 300387 and 300398. The NH 2 
group may be converted to a triazolinone ring in known 
5 manner. For instance it may be converted to an NHNH 2 
(i.e. hydrazine) group in the conventional fashion, by 
diazotization followed by reduction with sodium sulfite, 
and the hydrazine group may be converted to a 
triazolinone ring. 

10 When X and Y are substituents other than H, such 

substituents may be introduced at various stages of the 
process, e.g., prior to the formation of a compound 
containing the Q substituent. One or both of these 
substituents may be introduced after the introduction of 

15 the Q substituent; for instance, a chlorine substituent 
on the benzene ring may be introduced during one of the 
halogenation steps which modify the Q substituent, as 
described above. 

The preparation of the triazolinone components is 

20 illustrated by the following example. In this appli- 
cation, all parts are by weight and all temperatures are 
in °c unless otherwise indicated. 

EXAMPLE 

METHYL 3- [ 2 , 4-DICHLORO-5- ( 4 -DIFLUOROMETHYL-4 , 5-DIHYDRO 
25 3-METHYL-5-OXO-1H-1, 2 , 4-TRIAZ0L-1-YL) PHENYL] PROPIONATE 

Step A Methyl 2-Chloro-3- [2 , 4-dichloro-5- (4-dif luoro- 
methyl-4 , 5-dihydro-3-methyl-5-oxo-lH-l , 2 , 4- 
triazol-l-yl) pheny 1 ] pr opi ona t e 
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To a cold (0°C) , stirred mixture of 28.7 g (0.333 
mole) of methyl acrylate, 2.51 g (0.0244 mole) of tert- 
butyl nitrite, and 2.6 g (0.019 mole) of copper (II) 
chloride in 50 mL of acetonitrile was added dropwise a 
solution of 5.0 g (0.016 mole) of 1- (5-amino-2 , 4- 
dichlorophenyl) -4-dif luoromethyl-4 , 5-dihydro-3-methyl- 
l,2,4-triazol-5(lH)-one in 15 mL of acetonitrile. After 
complete addition the reaction mixture was allowed to 
warm to room temperature and was stirred for approxi- 
mately 18 hours. The reaction mixture was diluted with 
15 mL of 2N hydrochloric acid solution. The mixture was 
extracted with four portions of diethyl ether. The 
combined extracts were dried over anhydrous magnesium 
sulfate, filtered, and the filtrate evaporated under 
15 reduced pressure to give an oil. The oil was purified 
by column chromatography on silica gel, eluting with n- 
heptane : ethyl acetate (4:1) to give 5.0 g of methyl 2- 
chloro-3-[2, 4-dichloro-5-(4-dif luoromethyl-4 , 5-dihydro- 
3 -methyl-5-oxo-lH-l, 2 , 4-triazol-l-yl) phenyl ] propionate 
as an oil. 



10 



20 



25 



30 



Step B Methyl 3- [2 , 4-dichloro-5- (4-dif luoromethyl- 
4 , 5-dihydro-3-methyl-5-oxo-lH-l , 2 , 4-triazol- 
l-yl) phenyl] -2-propenoate 

To a stirred, cold (0°C) solution of 4.16 g (0.0100 
mole) of methyl 2-chloro-3- [2 , 4-dichloro-5- (4- 
dif luoromethyl-4 , 5~dihydro-3-methyl-5-oxo-lH-l , 2 , 4- 
triazol-l-yl) phenyl] propionate in 15 mL of N,N-dimethyl- 
formamide was added portionwise 0.29 g (0.012 mole) of 
sodium hydride. After complete addition the reaction 
mixture was allowed to warm to room temperature and was 
stirred for 30 minutes. The reaction mixture was heated 
at 60°C for six hours, then was stirred at room 
temperature for approximately 18 hours. The reaction 
mixture was poured into ice water, and the resultant 
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aqueous mixture was extracted with four portions of 
diethyl ether. The extracts were combined and washed 
successively with water and an aqueous, saturated sodium 
chloride solution. The washed organic phase was dried 
5 over anhydrous magnesium sulfate and was filtered. The 
filtrate was evaporated under reduced pressure to give a 
white foam. The foam was purified by column 
chromatography on silica gel, eluting with n- 
heptane:ethyl acetate (4:1), to give 1.63 g of methyl 3- 
10 [ 2 , 4-dichloro-5- (4-dif luoromethyl-4 , 5-dihydro-3-methyl- 
5-oxo-lH-l, 2, 4-triazol-l-yl) phenyl] -2-propenoate as a 
solid, m.p. 14 8-151°C. 

Step C Methyl 3- [2 , 4-dichloro-5- (4-dif luoromethyl- 
4 , 5-dihydro-3-methyl-5-oxo-lH-l, 2 , 4-triazol- 
15 1-yl ) phenyl ] propionate 

Hydrogenation of 0.59 g (0.0016 mole) of methyl 3- 
[2 , 4-dichloro-5- (4-dif luoromethyl-4 , 5-dihydro-3-methyl- 
5-oxo-lH-l , 2 , 4-triazol-l-yl) phenyl] -2-propenoate over 
approximately 0.2 g (0.0009 mole) of platinum (IV) oxide 
in approximately 15 mL of ethyl acetate gave 0.59 g of 
methyl 3- [2 , 4-dichloro-5- (4-dif luoromethyl-4 , 5-dihydro- 
3 -methy 1-5-oxo-lH-l ,2,4 -triazol-l-y 1 ) phenyl ] propionate 
as a clear oil, which crystallized upon standing. The 
crystals were triturated with petroleum ether and 
recovered by filtration, m.p. 70-73°C. 

The preferred triazolinone component of the 
compositions of this invention as stated above, namely 
ethyl 2-chloro-3-[2-chloro-4-f luoro-5- (4-dif luoromethyl- 
4 , 5-dihydro-3-methyl-5-oxo- (1H) -1,2 , 4-triazol-l- 
yl) phenyl] propionate, (i.e., "Compound P") may readily 
be prepared in accordance with the procedures of the 
foregoing example, but substituting 1- (5-amino-4-chloro- 
2-f luorophenyl) -4-dif luoromethyl-4 , 5-dihydr o-3 -methy 1- 
1,2, 4-triazol-5 (1H) -one and ethyl acrylate for l-(5- 
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amino-2 , 4-dichlorophenyl) -4-dif luoromethyl-4 , 5-dihydro- 
3-methyl-l, 2 , 4-triazol-5 (1H) -one and methyl aery late in 
Step A. 



As stated above, the second component of the herbi- 
5 cidal triazolinone composition of this invention is 
preferably a chlorinated phenoxy lower alkanoic acid 
compound, and most particularly (2 , 4-dichlorophenoxy) - 
acetic acid, commonly known as 2,4-D, and the esters, or 
alkali metal or ammonium salts thereof, all of which are 
10 available commercially from several sources, e.g. 

Chevron (Weed-B-Gon 1 *) , Pennwalt (Pennamine^D) , and the 
like. However, there may also be employed related, 
commercially available herbicidal chlorinated lower 
alkylphenoxy alkanoic acid compounds as 4- (4-chloro-2- 
15 methylphenoxy) acetic acid, commonly known as MCPA; (4- 
chloro-2-methylphenoxy) butanoic acid, commonly known as 
MCPB; 2- ( 4 -chloro- 2 -methylphenoxy) propionic acid, 
commonly known as MCPP or mecoprop, and its herbicidally 
active isomers; and the esters, salts, and amines of 
2 q each of the above, such as MCPA amine, or MCPA ester, 
(Riverdale Chemical Co., Glenwood, Illinois), MCPP-p 
(BASF) , or the like. 

By the term esters, as used above to define 2,4-D 
and related phenoxy alkanoic acid derivatives, is meant 
25 principally those prepared from C 1 -C 10 aliphatic 

alcohols. Of these, the isooctyl ester of 2,4-D, which 
is commercially available as Weedtime II m ("2,4-D 
ester") from Applied Biochemists Inc. (Mequon, WI) , is 
preferred. The corresponding salts are generally alkali 
3Q metal or ammonium salts, commercially available as, 
e.g., the potassium salt, or as the ammonium salt, 
(commonly referred to as "amines" of 2,4-D compounds), 
e.g., the dimethylamine salt. (See, e.g., Farm 
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Chemicals Handbook, Meister Publishing Co. (1990), pp. 
C-87-88.)- The compound MCPP-p, set forth above, is the 
resolved (+) isomer of the above-def ined commercially 
available mecoprop. (See Farm Chemicals Handbook, 
supra, pp. C-183-185.). 

Alternatively, in a further embodiment of this 
invention, the triazolinones may instead be combined 
with herbicidal sulfonylureas of the formula 



10 



15 



20 



25 



30 




wherein 




Z is N or CH; 
R is H or -CH 3 ; 

R 1 and R 2 are -OCH 3 or -CH 3 ; 

R 3 isC0 2 CH 3 orCI; 

n is 0 or 1 ; 

o 

II 

R 4 is CN(CH 3 ) 2 or S0 2 C 2 H 5 ; 



R is CH 3 or 
o 




; and 



IV 



C0 2 CH 3 





or 



R 6 is CR 7 , wherein R 7 is -OCH 3 or -OCoH 



2 n 5 . 
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Included amongst the sulfonylureas which, in 
accordance with this invention, may be used in combi- 
nation with the herbicidal triazolinones are known 
commercially available herbicides such as: 
5 methyl 2-[ [ [ [ (4-methoxy-6-methyl-l , 3 , 5-triazin-2- 

y 1 ) amino ] carbony 1 ] amino ] sulf ony 1 ] benzoate (metsulf uron- 
methyl), (ALLY 1 * 4 - E.I. DuPont, Wilmington, Del.); 

2-chloro-N-[ [ (4-methoxy-6-methyl-l,3, 5-triazin-2- 
yl) amino] carbonyl]benzenesulf onamide (chlorsulf uron) , 
10 ( GLEAN™ - E.I. DuPont, Wilmington, Del.); 

methyl 2-[ [ [ [ [ (4 , 6-dimethoxy-2-pyrimidinyl) amino] - 
carbony] amino ] sulf ony 1 ] methyl ] benzoate (bensulf uron- 
methyl), (LONDAX™ - E.I. DuPont, Wilmington, Del.); 

methyl 2-[ [ [ [N- (4— methoxy-6— methyl-1, 3 , 5-triazin— 2- 
15 y 1 ) methylamino ] carbonyl ] amino] sulf ony 1 ] benzoate 
(tribenuron-methyl) , (EXPRESS™ - E.I. DuPont, 
Wilmington, Del. ) ; 

methyl 3-[ [ [ [ (4-methoxy-6-methyl-l, 3 , 5-triazin-2- 
y 1 ) amino ] carbonyl ] amino ] sulf ony 1 ] -2 -thiophenecarboxy late 
20 (thifensulfuron-methyl) , (HARMONY™ - E.I. DuPont, 
Wilmington, Del. ) ; 

ethyl 5-[[[[ (4 , 6-dimethoxy-2-pyrimidinyl) amino] - 
carbonyl ] amino ] sulf onyl ] -l-methyl-lH-pyrazole-4 - 
carboxylate (pyrazosulf uron-ethyl) , (SIRIUS™ - Nissan 
25 Chemical Industries, Ltd., Tokyo, Japan); 

2- [ [ [ [ (4 f 6-dimethoxy-2-pyrimidinyl) amino] carbonyl] - 
amino ] sulf ony 1 ] -N , N-dimethy 1-3 -pyr idinecarboxamide 
(nicosulfuron) , (ACCENT™ - E.I. DuPont, Wilmington, 
Del.) ; 

30 methyl 5- [ [ [ [ (4 , 6-dimethyl-2-pyrimidinyl ) amino] - 

carbonyl] amino] sulf onyl ] -l- (2-pyridinyl) -lH-pyrazole-4- 
carboxylate (NC-330, - available from Nissan Chemical 
Industries, Ltd., Tokyo, Japan); 

3- ethylsulfonyl-N-[ [ (4, 6-dimethoxy-2-pyrimidinyl) - 
35 amino] carbonyl ] -2-pyridinylsulf onamide (DPXE 963 6, - 

available from E.I. DuPont Co., Wilmington, Del.); and 
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N-[ [ (4 , 6-dimethoxy-2-pyrimidinyl) amino] carbonyl]-2- 
chloroimidazo~ [ 1, 2-a]pyridinecarboxamide (TH-913 , - 
available from Takeda Chemical Industries, Ltd, , Tokyo, 
Japan) . 

5 The active herbicidal compositions of this invention 

may also be used in combination with other herbicides, 
e.g. they may be mixed with, say, an equal or larger 
amount of known herbicides such as N- ( 1-ethylpropyl) - 
2,4-dinitro-3,4-xylidene (pendamethalin) ; (RS)-2-[2,4- 
10 dichlorophenoxy) phenoxy] propionic acid (diclof op) ; 2,4- 
dif luoro-2-(a,a,a-trif luoro-m-tolyloxy) nicotinalanilide 
(dif lufenican) ; (±) -2-[4-(6-chloro-l, 3-benzoxazol-2- 
yloxy) phenoxy] propionic acid (fenoxaprop) ; 3-p-cumenyl- 
1 , l-dimethylurea (isoproturon) ; 4-hydroxy-3 , 5- 
15 diiodobenzonitrile (ioxynil) ; or 3 , 6-dichloro-o-anisic 
acid (dicamba) . 

The weight ratio of triazolinone to 2,4-D, or to the 
sulfonylurea in order to obtain the desired herbicidal 
effect is not critical, and may be varied widely. Thus, 
20 for example, the ratio of triazolinone to 2,4-D may 

range from about 1:12 5 to 1:2, more preferably 1:17 to 
1:4, while the ratio of triazolinone to sulfonylurea may 
range from about 8:1 to 30:1, more preferably 1:1 to 
16:1. It will be understood that these ranges may be 
25 adjusted by those skilled in the art depending upon the 
crops involved, field conditions and the like. 

FORMULATIONS 

For herbicidal application, the active compositions 
3 0 are formulated by admixture in herbicidal ly effective 

amounts with adjuvants and carriers normally employed in 
the art for facilitating the dispersion of active 
ingredients for the particular utility desired, 
recognizing the fact that the formulation and mode of 
35 application of a toxicant may affect the activity of the 
material in a given application. Thus, for agricultural 
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use the present herbicidal compositions may be 
formulated as granules of relatively large particle 
size, as water-soluble or water-dispersible granules, as 
powdery dusts, as wettable powders, as emulsifiable 
5 concentrates, as solutions, or as any of several other 
known types of formulations, depending on the desired 
mode of application. 

These herbicidal compositions may be applied either 
as water-diluted sprays, or dusts, or granules to the 
10 areas in which suppression of vegetation is desired. 

These formulations may contain as little as 0.1%, 0.2% 
or 0.5% to as much as 95% or more by weight of active 
ingredients. 

Dusts are free flowing admixtures of the active 
15 ingredient with finely divided solids such as talc, 

natural clays, kieselguhr, flours such as walnut shell 
and cottonseed flours, and other organic and inorganic 
solids which act as dispersants and carriers for the 
toxicant; these finely divided solids have an average 

20 particle size of less than about 50 microns. A typical 
dust formulation useful herein is one containing 1.0 
part or less of the herbicidal composition and 99.0 
parts of talc. 

Wettable powders, also useful formulations for both 

25 pre- and postemergence herbicides, are in the form of 

finely divided particles which disperse readily in water 
or other dispersant. The wettable powder is ultimately 
applied to the soil either as a dry dust or as an 
emulsion in water or other liguid. Typical carriers for 

30 wettable powders include Fuller's earth, kaolin clays, 
silicas, and other highly absorbent, readily wet 
inorganic diluents. Wettable powders normally are 
prepared to contain about 5-8 0% of active ingredient, 
depending on the absorbency of the carrier, and usually 

35 also contain a small amount of a wetting, dispersing or 
emulsifying agent to facilitate dispersion. For 
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example, a useful wettable powder formulation contains 

8 0.8 parts of the herbicidal compound, 17.9 parts of 
Palmetto clay, and 1.0 part of sodium lignosulf onate and 

0.3 part of sulfonated aliphatic polyester as wetting 

5 agents. Other wettable powder f ormtilations are: 

Component : % by Wt. 

Active ingredients 40.00 

Sodium lignosulf onate 20.00 

10 Attapulgite clay 40.00 

Total 100.00 

Component: % bv Wt. 

Active ingredients 9 0.00 

15 Dioctyl sodium sulf osuccinate 0.10 

Synthetic fine silica 9 . 90 

Total 100. 00 

Component: % bv Wt. 

20 Active ingredients 20.00 

Sodium alkylnaphthalenesulf onate 4 . 00 

Sodium lignosulf onate 4.00 

Low viscosity methyl cellulose 3.00 

Attapulgite clay 69 . 00 

25 Total 100.00 

Component : % bv Wt . 
Active ingredients 25.00 
Base: 75.00 
30 96% hydrated aluminum magnesium silicate 
2% powdered sodium lignosulf onate 
2% powdered anionic sodium alkyl- 
naphthalenesulf onate 



35 



Total 100.00 
Frequently, additional wetting agent and/or oil will be 
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added to the tank-mix for postemergence application to 
facilitate dispersion on the foliage and absorption by 
the plant. 

Other useful formulations for herbicidal applica- 
5 tions are emulsifiable concentrates XECs) which are 

homogeneous liquid or paste compositions dispersible in 
water or other dispersant f and may consist entirely of 
the herbicidal compound and a liquid or solid emulsify- 
ing agent, or may also contain a liquid carrier, such 

10 as xylene , heavy aromatic naphthas, isophorone, or 
other non-volatile organic solvent- For herbicidal 
application these concentrates are dispersed in water 
or other liquid carrier, and normally applied as a 
spray to the area to be treated. The percentage by 

15 weight of the essential active ingredients may vary 

according to the manner in which the composition is to 
be applied, but in general comprise 0.5 to 95% of 
active ingredient by weight of the herbicidal 
composition. 

20 The following are specific examples of emulsifiable 

concentrate formulations: 

Component: % by Wt. 

Active ingredients 53.01 
25 Blend of alkylnaphthalenesulf onate 



and polyoxyethylene ethers 
Epoxidized soybean oil 
Xylene 



39 . 99 



1.00 



6.00 



Total 



100.00 



30 



Component: 

Active ingredients 

Blend of alkylnaphthalenesulf onate 



% bv Wt. 



10.00 



35 



and polyoxyethylene ethers 
Xylene 



86 . 00 



4.00 



Total 



100.00 
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Flowable formulations are similar to ECs except 
that the active ingredient is suspended in a liquid 
carrier, generally water. Flowables, like ECs, may 
include a small amount of a surfactant, and contain 
5 active ingredient in the range of 0.5 to 95%, 
frequently from 10 to 50% , by weight of the 
composition. For application, flowables may be diluted 
in water or other liquid vehicle, and are normally 
applied as a spray to the area to be treated. 
10 The following are specific examples of flowable 

formulations: 

Component : % by Wt. 

Active ingredients 46.00 

15 Colloidal magnesium aluminum silicate 0.40 
Sodium alkylnaphthalenesulf onate 2.00 
Paraformaldehyde 0 . 10 

Water 40.70 
Propylene glycol 7.50 

20 Acetylenic alcohols 2.50 
Xanthan gum p. 80 

Total 100.00 



Component : % bv Wt. 

25 Active ingredients 45.00 

Water 48.50 

Purified smectite clay 2.00 

Xanthan gum 0.50 

Sodium alkylnaphthalenesulf onate 1.00 

3 0 Acetylenic alcohols 3 . qq 

Total 100.00 

Typical wetting, dispersing or emulsifying agents 
used in agricultural formulations include, but are not 
35 limited to, the alkyl and alkylaryl sulfonates and sul- 
fates and their sodium salts; alkylaryl polyether alco- 
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hols; sulfated higher alcohols; polyethylene oxides; 
sulfonated animal and vegetable oils; sulfonated petro- 
leum oils; fatty acid esters of polyhydric alcohols and 
the ethylene oxide addition products of such esters; 
5 and the addition product of long-chain mercaptans and 
ethylene oxide. Many other types of useful surface- 
active agents are available in commerce- The surface- 
active agent, when used, normally comprises from 1 to 
15% by weight of the composition. 
10 Other useful formulations include simple solutions 

or suspensions of the active ingredient in a relatively 
non-volatile solvent such as water, com oil, kerosene, 
propylene glycol, or other suitable solvents. The 
following illustrate specific suspensions: 

15 





Oil Suspension: 


% by Wt. 




Active ingredients 


25.00 




Polyoxyethylene sorbitol hexaoleate 


5. 00 




Highly aliphatic hydrocarbon oil 


70. 00 


20 


Total 


100. 00 




Acrueous Suspension : 


% bv Wt. 




Act i ve ingr ed i ent s 


40.00 




Polyacrylic acid thickener 


0.30 


25 


Dodecylphenol polyethylene glycol ether 


0.50 




Disodium phosphate 


1.00 




Monosodium phosphate 


0.50 




Polyvinyl alcohol 


1.00 




Water 


56.70 


30 


Total 


100.00 



Other useful formulations for herbicidal applica- 
tions include simple solutions of the active ingredient 
in a solvent in which it is completely soluble at the 
35 desired concentration, such as acetone, alkylated naph- 
thalenes, xylene, or other organic solvents. Granular 
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formulations, wherein the toxicant is carried on rela- 
tively coarse particles, are of particular utility for 
aerial distribution or for penetration of cover crop 
canopy. Pressurized sprays, typically aerosols wherein 
5 the active ingredient is dispersed in finely divided 
form as a result of vaporization of a low boiling dis- 
persant solvent carrier, such as the Freon fluorinated 
hydrocarbons, may also be used. Water-soluble or 
water-dispersible granules are also useful formulations 
10 for herbicidal application of the present compounds. 

Such granular formulations are free-flowing, non-dusty, 
and readily water-soluble or water-miscible. The 
soluble or dispersible granular formulations described 
in U.S. Patent No. 3,920,442 are useful herein with the 
15 present herbicidal compounds. In use by the farmer on 
the field, the granular formulations, emulsif iable 
concentrates, flowable concentrates, solutions, etc., 
may be diluted with water to give a concentration of 
active ingredient in the range of say 0.1% or 0.2% to 
20 1.5% or 2%. 

The active herbicidal compositions of this 
invention may be formulated and/ or applied with 
insecticides, fungicides, nematicides, plant growth 
regulators, fertilizers, or other agricultural 
25 chemicals and may be used as effective soil sterilants 
as well as selective herbicides in agriculture. In 
applying an active composition of this invention, 
whether formulated alone or with other agricultural 
chemicals, an effective amount and concentration of the 
30 active compounds are of course employed; for example, 
amounts as low as 1 g/ha or less, e.g. 1-12 5 g/ha, may 
be employed for control of broadleafed weeds with 
little or no injury to crops such as maize or wheat. 
For field use, where there are losses of herbicide, 
35 higher application rates (e.g. four times the rates 
mentioned above) may be employed. 
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Herbicidal Activity 
The test species used in demonstrating the herbi- 
cidal postemergence activity of the compositions of 
this invention are set forth in each of the tables 
5 below. These tests were conducted on populations of 

these species located in fields at various locations in 
the United States, the United Kingdom or France. The 
crops were planted; the weeds were either planted or 
grew naturally at these locations. 
10 Test plots were typically 10.0 ft by 20.0 ft, with 

6,7 ft by 2 0.0 ft treated with a given rate of a herbi- 
cide or herbicide combination. (At any given location 
these were at least three, and most always, four repli- 
cations of the individual treatments.) Control of the 
15 weed species and injury to the crop was assessed on a 
percent basis, relative to the nearest untreated area. 
Percent control was determined by a method similar to 
the 0 to 100 rating system disclosed in "Research 
Methods in Weed Science," 2nd ed. , B. Truelove, Ed.; 

2 0 Southern Weed Science Society; Auburn University, 

Auburn, Alabama, 1977. This rating system is set forth 
in the following table, captioned "Herbicide Rating 
System . 11 

The herbicides were applied to the test area by 
25 spraying an aqueous solution or suspension or emulsion 
of the compound or combination of compounds over the 
entire designated area. The formulated herbicides were 
diluted to a concentration appropriate for the desired 
application rate on the basis of a spraying rate of 2 0 

3 0 gallons per acre. Unless otherwise noted, no sur- 

factant or other adjuvant was added to the spray 
solution. 

For example, to treat the four test replicates at a 
single location with 0.031 lb/acre of Compound P, 1.04 
35 ml of the 2 lb/gal emulsifiable concentrate formulation 
was mixed with 1500 ml of water. The solution was 
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sprayed through T-Jet Flat Fan 8002E nozzles (T-Jet 
Spraying Systems") at 3 0 psi pressure. 

Applications were typically made when the weed 
species were 1-3 inches tall. Percent control was 
5 rated at various times after application, as shown in 
the tables below, using the following "Rating System." 



10 



15 



20 



25 



30 



35 
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Herbicide Ratincr System 




Rating 

Percent 

Control 


Description 

of Main 
Cateaories 


Crop 

Description 


Weed 

Description 


0 


No effect 


No crop 
reduction 
or injury 


No weed 
control 


10 




Slight dis- 
coloration 
or stunting 


VD1*\7 t"*Of">>" TiTAdH 
V fcSL y pUUl W fci fciU 

control 


20 


Slight 
effect 


Some dis- 
coloration, 
stunting or 
stand loss 


Poor weed 
control 


30 




Crop injury 
more pronounced 
but not lasting 


Poor to defi- 
cient weed 
control 


a n 
*± \j 




Moderate injury, 
crop usually 
recovers 


Deficient weed 
control 


50 


Moderate 
effect 


Crop injury 
more lasting, 
recovery doubt- 
ful 


Deficient to 
moderate weed 
control 


60 




Lasting crop 
injury, no 
recovery 


Moderate weed 
control 


70 




Heavy injury and 
suana xoss 


Control some- 
what less than 
satisfactory 


80 


Severe 


Crop nearly des- 
troyed, a few 
survivors 


Satisfactory 
to good weed 
control 


90 




Only occasional 
live plants left 


Very good to 

excellent 

control 


100 


Complete 
effect 


Complete crop 
destruction 


Complete weed 
destruction 
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TABLES 

Herbicidal data at selected application rates are 
given for various compounds of the invention in the 
5 tables below. The test compounds are identified in 
footnotes of the tables. 

In Tables I-IX the triazolinone ethyl-2-chloro-3- [2- 
chloro-4-f luoro-5-(4-dif luoromethyl-4 , 5-dihydro-3- 
methyl-5-oxo- (1H) -1,2, 4-triazol-l-yl) phenyl] propionate 
10 (designated in the tables as "Compound P M ) was employed, 
but it will be understood that other triazolinones 
described above may be employed instead. 

The other active ingredients of the claimed herbi- 
cidal compositions are as identified in the tables. 
15 The scientific names of all the weed species used in 

these trials are presented in Table X. 

In the tables, the tests were carried out using 
formulations in which Compound P was first admixed with 
varying amounts of surfactants and aromatic hydrocarbon 
20 solvents. These formulations were then applied to 

various test plants, and at various rates, as indicated 
in these tables, using the triazolinone Compound P in 
combination with the other herbicides of this invention, 
also indicated in these tables. 
25 Examples of two such formulations of Compound P 

employed herein are as follows: 



Components (50 g/liter) wt /% 

30 Cmpd P (91.1% purity) 6 .06 

Emulsifier l a 3.20 

Emulsifier 2 b 3.20 

Dispersant c 1.60 

Aromatic 100 (solvent) d 85.94 



35 
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First Formulation (2 lbs/gal) 

Cmpd P (95% purity) 26,97 

Emulsifier l a 1.95 

Emulsifier 2 b 2.60 

Dispersant c 1 . 95 

Aromatic 100 d 66.53 

Second Formulation (2 lbs/gal) 



Cmpd P (91.4% purity) 24.42 

Emulsifier l a 3.50 

Emulsifier 2 b 1.40 

Dispersant c 2 . 10 

15 Aromatic 200 e 68.58 

a An emulsifier consisting of 64% of an anionic 
calcium salt of dodecylbenzene sulfonate, 16% 
of a nonionic 6-molar ethylene oxide 
20 condensation product of nonylphenol, and 20% 

butanol (Whitco Chemical Corp., Organics Div. , 
New York, NY) 

b An emulsifer consisting of 56% of an anionic 
25 calcium salt of dodecylbenzene sulfonate, 24% 

of a nonionic 3 0-molar ethylene oxide 
condensation product of nonylphenol, and 2 0% 
butanol (Whitco Chemical Corp. , Organics Div. , 
New York, NY) 

30 

c A dispersant consisting of a nonionic paste of 
100% polyalkylene glycol ether (Union Carbide 
Chemical and Plastics Co. Inc., Danbury, CT) 

35 d B.P. 156-167°C (Exxon Chemical Co., Houston, 

Texas) 
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e B.P. 231-233°C (Exxon Chemical Co. , Houston, 
Texas) 

Of these latter two solvents, the second 
formulation, which was less phytotoxic, is preferred* 

5 

The formulations of the 2,4-D and sulfonylurea 
components described in the tables are all well-known to 
those skilled in the art, and are commercially available 
materials which may be routinely mixed with the above 

10 Compound P formulations at desired ratios and dilutions, 
desirably with water, necessary to obtain the 
application rates specified in the tables. 

It will be apparent that various modifications may 
be made in the formulations and applications of the 

15 compositions of this invention without departing from 

the inventive concepts herein as defined in the claims. 
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Table I 



Weed Control by Compound P Alone and in Combination with Express®^ 3 ) and 
Harmony®( b > Herbicides Evaluated 23 Days after Treatment 



Weed Species 
Appln. Rate< c > 



Cpd. P 
Alone 
L H 



Express 

Alone Comb- 

L H LL Ltd HL HH 



Alone 



Harmony 

Comb . 

LL Ltd ML Jdh 



Percent Control 



Redroot Pigweed 


95 


100 


82 


89 


95 


100 


99 


100 


100 


100 


100 


100 


100 


100 


Giant Ragweed 


30 


55 


56 


65 


54 


68 


58 


63 


83 


86 


84 


88 


83 


91 


Common 


68 


94 


100 


100 


98 


100 


98 


100 


100 


99 


99 


100 


100 


100 


Lambsquarter 






























Wild Sunflower 


56 


78 


84 


93 


78 


90 


79 


95 


100 


100 


100 


100 


100 


100 


Kochia 


64 


83 


98 


100 


78 


99 


96 


96 


90 


93 


93 


100 


97 


99 


Wild Buckwheat 


48 


61 


64 


50 


41 


80 


68 


80 


92 


96 


95 


100 


97 


99 


Russian Thistle 


66 


87 


100 


100 


94 


100 


88 


98 


100 


100 


99 


100 


99 


99 


Wild Mustard 


24 


31 


99 


98 


81 


99 


89 


99 


75 


86 


74 


84 


80 


84 


Wild Garlic 


54 


69 


73 


83 


78 


88 


74 


86 


96 


94 


86 


94 


90 


93 



Application Ratefc) 

Compound Low Rate (L) High Rate (H) 

Compound P 0.008 0.015 

Express 0.004 0.008 

Harmony 0.008 0.015 



L = Low rate 
H = High Rate 

LL = Low rate of Cpd. P + low rate of standard 
LH = Low rate of Cpd. P + high rate of standard 
HL = High rate of Cpd. P + low rate of standard 
HH = High rate of Cpd P + high rate of standard 

(a) Express: methyl 2-[[[[N-(4-methoxy-6-methyl-1 ,3,5-triazin-2- 
yl)methylamino]carbonyl]amino]sulfonyl]ben2oate (tribenuronmethyl) 

(DuPont, Wilmington, Del.) 

(°) Harmony: methyl 3-[[[[(4-methoxy-6-methyl-1 ,3,5-triazin-2- 
yl)amino]carbonyl]aminojsulfonyl]-2-thiophenecarboxylate (thifensulfuronmethyl) 

(DuPont, Wilmington, Del.) 

(°) Rate of application is in pounds of active ingredient/acre (lb/a). 
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Table II 

Percent Weed Control by Compound P Alone and in Combination with Express® 
Herbicide in Winter Barley and Winter Wheat Evaluated 22 Days After Treatment 

Cpd. P Express end p + Ejoesss 
Weed Species (7 g/fra) (a > M9p/hai r7+i9 g /hai 



Catchweed Bedstraw 


100 


65 


97 


Red Deadnettle 


93 


97 


100 


Wild Chamomile 


97 


97 


97 


Field Forget-Me-Not 


95 


97 


100 


Corn Poppy 


61 


99 


95 


Common Chickweed 


99 


100 


100 


Ivy leaf Speedwell 


92 


92 


97 


Persian Speedwell 


65 


85 


97 


Field Violet 


65 


90 


97 



Table III 



Percent Weed Control by Compound P Alone and in Combination with Ally®^) 
Herbicide Evaluated 30 Days After Treatment 



Herfrici<fe 
Cpd. P 

Ally 

.Cpd. P + 
Ally 



Percent Control 



Rate 


Pineapple- 




Movseear- 




Common 


Ivyleaf 


Prostate 


p/ha( a ) 


weed 


Fi?W Violet 


cress 


BlacKgrass 




Speetfwe|| 


Knotweed 


10 


19 


0 


0 


0 


69^ 


96 


99 


15 


25 


10 


0 


0 


71 


99 


99 


30 


39 


17 


14 


0 


81 


100 


100 


60 


56 


36 


25 


0 


86 


100 


100 


3 


34 


0 


0 


0 


81 


7 


95 


15+3 


53 


47 


33 


0 


89 


100 


100 



( a ) Rate of application is in grams of active ingredient/hectare (g/ha). 

( b > Ally: methy 2-[[[[(4-methoxy-6-methyl-1 ,3,5-triazin-2- 
yl)amino]carbonyl]amino]sulfonyl]benzoate (metsulfuronmethyl) 
(DuPont, Wilmington, Del.) 
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Table V 



Percent Control of Weeds and Tolerance of Wheat (Percent Injury) with 
Compound P Alone and In Combination with Ally® Herbicide 



Percent Control 







Percent 








Herbicide 


Rate 


Injury to 


White 


Persian 


Catchweed 


q/hafr) 


Wheat 


Mustard 


Speedwell 


Bedstraw 






7 DAT (b) 


30 PAT 


30 PAT 


30 DAT 


Cpd. P 


10 


2 


71 


91 


90 




15 


4 


90 


95 


92 




30 


6 


95 


99 


96 




60 


12 


99 


99 


98 


Ally 


3 


0 


35 


69 


25 


Cpd. P + 


15 + 3 


4 


98 


99 


97 


Ally 











( a ) Rate of application is in grams of active ingredient/hectare (g/ha). 

( b ) Represents days after treatment. 
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Table VI 

Percent Weed Control and Percent Wheat Discoloration by Compound P 
Alone and in Combination with Ally® Herbicide in Spring Wheat Evaluated 7 

and 21 Days After Treatment 



Common Wild 
Rate PD( b )in Redroot Lambs- Tansy- Buck- Russian 

Herbicide Jbia (a ' Spring Wheat Pigweed Quarters mustard Kochia wheat Thistle 



Percent Control 







1 


21 


21 


21 


21 


21 


21 


Cpd. P 


0.015 


2 


43 


45 


95 


23 


43 


25 




0.031 


4 


63 


80 


100 


45 


50 


43 


Ally 


0.002 


0 


90 


10 


100 


10 


65 


30 


Cpd. P + 


0.015 


3 


90 


55 


100 


33 


40 


50 


Ally 


+ 
















0.002 


















0.031 


3 


84 


75 


100 


38 


80 


53 




+ 

0.002 

















( a ) Rate of application is in pounds of active ingredient/acre (lb/a). 

( b ) PD is percent discoloration in wheat. 
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Tables VIII and IX (below) demonstrate the improved 
effect obtained in controlling weeds in post-emergence 
spring and winter wheat by combining 2 , 4-dichlorophenoxy 
acetic acid ethyl ester ("2,4-D ester") with Compound P, 
5 as compared with the effect of either component alone. 

In Tables VIII and IX the expected synergistic 
effect was calculated as follows, using the Compound P 
observed values at 0.031 lb. /a, and the 2,4-D observed 
values at 0.50 lb. /a: 

10 

Expected = Cmpd P (obs.) ♦ 2.4-P Cobs, )( 100- Cmpd P (obs)) 

100 

15 In these two tables (VIII and IX) the formulations 

employed comprised for Compound P a 2.0 lb/gal. 
emulsifiable concentrate; and for the 2,4-D ethyl ester 
a commercially available emulsifiable concentrate, each 
diluted to obtain the indicated application rates. 

20 
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Table X 

Weed Species Used in These Tests 



Common Name 


^oipntifif^ Mamo 

out?i unit; JName 


Redroot Piaweed 


rifiiafcininus reiroiiexus 


Riant ranwppd 


nrnurosiQ iriiioa 


Common Lamh^nuartprc 


\^n&nopooium aioum 


Wild Sunflower 


ncifctfllflUS &p 


Kochia 


J\C/L>/ //cf c>L,UfJtf[ Ici 


Wild Buckwhpat 


roiygonum convolvulus 


Ri iccian Thic+lo 
nuooidi i i iiiollc 


baisoia kali 


Wilrl MiictorH 
VVIIU IVIUoLdrU 


Brassica kaber 


Wild Garlir 

v viivj v_i a\ ills 


AKiuurn vineaie 


Catchwppd Rpri^traw 

vulVIIVfwvU UCUOU uVY 


ista/ium apanno 


Red Deadnpttlp 


Larri i urn purpureum 


\A/ild Chamomilp 


Mazncana cnamomma 


Pip Id Pnrnpt-mp-not 


Myosoiis arvensis 


Corn Poppy 


Pes r\c* i/o r rhrtaiac 


Common Chickweed 


Stellaria media 


Ivyleaf Speedwell 


Veronica hederaefolia 


Persian Speedwell 


Veronica persica 


Field Violet 


Viola arvensis 


Pineappleweed 


Matricaria matricarioides 


Mouseearcress 


Arabidopsis thaliana 


Blackgrass 


Alopecurus myosuroides 


Prostate Knotweed 


Polygonum aviculare 


Cutleaf Cranesbill 


Geranium dissectum 


White Mustard 


Brassica hirta 


Tansymustard 


Descurainia pinnata 


Deadnettles 


Lamium sp 


Ryegrasses 


Lolium sp. 


Common ragweed 


Ambrosia artemisii folia 


Common marshelder 


Iva xanthiafolia 


Pennsylvania smartweed 


Polygonum pensylvanicum 


Velvetleaf 


Abutilon theophrasti 
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From the above results in Tables I - IX it will be 
seen that generally, the combinations of Compound P with 
the herbicides disclosed herein do provide a broader 
spectrum of weed control than do each of the herbicides 
5 when tested alone. A brief discussion of the tables of 
data follows: 

In Table I, the combination of Compound P and Express 
herbicide provides greater control of wild buckwheat 
10 than either Compound P or Express herbicide when applied 
alone. The combination of Compound P and Harmony herbi- 
cide broadens the spectrum of activity of Compound P to 
include improved control of giant ragweed, wild sun- 
flower, wild buckwheat, wild mustard, and wild garlic. 

15 

In Table II, the combination of Compound P and Express 
herbicide provides greater control of corn poppy in 
winter wheat and winter barley than does Compound P 
alone. In addition, the combination of Compound P and 

2 0 Express herbicide provides greater control of persian 

speedwell and field violet than either compound when 
applied alone. 

In Table III, the combination of Compound P and Ally 
25 herbicide provides greater control of pineappleweed, 

field violet, and mouseearcress than either Compound P 
or Ally herbicide alone. 

In Table IV, the combination of Compound P and Ally 

3 0 herbicide appears to be particularly efficacious. The 

combination provides greater control of nearly all of 
the weed species (i.e. field violet, persian speedwell, 
common chickweed, field forget-me-not, cutleaf cranes- 
bill, red deadnettle, and ivy leaf speedwell) than does 
35 either Compound P or Ally herbicide alone. The 
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20 



25 



30 



35 



combination of Compound P and Ally herbicide provides 
greater than 75% control of all of the weed species in 
these trials. 

« in Table V, the combination of Compound P a„ d Ally 

herbicide provides nearly 100% control of persian speed- 
well and white mustard up to about 65 days. 

Also, in Table V, the data shows that the combination of 
> compound P and Ally herbicide is essentially not 
phytotoxic to wheat. 

in Table VI, the combination of Compound P and Ally 
herbicide broadens the spectrum of activity of both 
compounds as compared to each when applied alone. The 
combination, again is essentially not phytotoxic to 
spring wheat. 

in Table VII, the combination of Compound P and Ally 
herbicide greatly increases the control of Pennsylvania 
smartweed and wild must-ar-ri „ Pennsylvania 

« wna mustard as compared to the control 
sho Wn by compound P when applied alone. 

in Tables VIII and IX, compound P and the 2,4-D ester 

r 10116 ^ ^ - combinat t ns 

provided a clear showing of synergism as evidenced by 
the comparison of the observed control from the 
combination with the expected (calculated) control 
sho Wn in the last two columns of Tables viii and IX 
Note especially the results for: 

common ragweed, shepherdspurse , bittercress, field 

^t^t 9roundsel ' at 15 days after treatme - 

for blue mustard, flixweed, common groundsel f ielrt 
bxndweed, and Pennsylvania smartweed, at 30 days a f ter 
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treatment in Table VIII; 

for redroot pigweed, common ragweed, wild buckwheat, 
Pennsylvania smartweed, and russian thistle, at 15 days 
after treatment in Table IX; and 
5 for wild buckwheat, at 30 days after treatment in 

Table IX. 



10 



15 



20 



25 



30 



35 
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Claims : 

1. An herbicidal composition characterized by a 
herbicidally effective amount of the combination of: 
(1) a triazolinone of the formula 




R 



5 in which 

R is halogen or lower alkyl; 
R 1 is haloalkyl; 

X is hydrogen, halogen, alkyl, haloalkyl, alkoxy, or 
nitro; 

10 Y is hydrogen, halogen, alkyl, haloalkyl, alkoxy, 

haloalkyl , halo lower alkylsulf inyl , or halo lower 
alkoxy; 

Q is -CH(R 2 )C(R 3 ) (R 4 )Q' or -CH=C(R 4 )Q'; 
R 2 is H or halogen; 
15 R 3 is halogen; 

R 4 is H or lower alkyl; 

Q' is C0 2 H, C0 2 R 5 , CON(R6) (R?) , CN/ CHO/ or C (0)r5; 
R 5 is alkyl, alkoxycarbonylalkyl , cycloalkyl, 
benzyl, chlorobenzyl , alkylbenzyl, or haloalkylbenzyl; 
20 and each of R 6 and R 7 is independently H f or a radical 
which is an alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, 
phenyl, benzyl or S0 2 R 6 (in which R 6 is other than H) or 
is one of said radicals substituted by halogen, alkyl, 
or cyano; 

25 or a base-addition salt of the compound in which Q' 

is C0 2 H; with the proviso that any alkyl, alkenyl, or 
alkynyl moiety have less than 6 carbon atoms and that 
any cycloalkyl moiety have 3 to 7 carbon atoms, and 
(2) dichloro- or chloro-lower alkylphenoxy lower 
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alkanoic acids, or their corresponding herbicidally 
effective esters, or alkali metal or ammonium salts, in 
admixture with a suitable carrier. 

2 . An herbicidal composition characterized by a 
herbicidally effective amount of the combination of: 
(1) a triazolinone of the formula 




in which 

R is halogen or lower alkyl; 
R 1 is haloalkyl; 

X is hydrogen, halogen, alkyl, haloalkyl, alkoxy, or 
nitro ; 

Y is hydrogen, halogen, alkyl, haloalkyl, alkoxy, 
haloalkyl, halo lower alkylsulf inyl, or halo lower 
alkoxy; 

Q is -CH(R2)C(R3) (R 4 )Q' or -CH=C(R 4 )Q'; 

R 2 is H or halogen; 

r3 is halogen; 

R 4 is H or lower alkyl; 

Q' is C0 2 H, C0 2 R 5 , CON(R6)(R7) f CN/ CHO/ or C (0)r5 ; 

R 5 is alkyl, alkoxycarbonylalkyl , cycloalkyl, 
benzyl, chlorobenzyl, alkylbenzyl, or haloalkylbenzyl ; 
and each of R 6 and R 7 is independently H, or a radical 
which is an alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, 
phenyl, benzyl or S0 2 R6 (in which R 6 is other than H) or 
is one of said radicals substituted by halogen, alkyl, 
or cyano; 

or a base-addition salt of the compound in which Q' 
is C0 2 H; with the proviso that any alkyl, alkenyl, or 
alkynyl moiety have less than 6 carbon atoms and that 



10 



15 



20 



25 
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any cycloalkyl moiety have 3 to 7 carbon atoms, and 
(2) a sulfonylurea of the formula 




2 is N or CH; 
R is H or -CH 3 ; 

R 1 and R 2 are -OCH 3 or -CH 3 ; 
R 3 is C0 2 CH 3 or CI; 
20 n is 0 or 1; 

o 

II 

R 4 is CN(CH 3 ) 2 or S0 2 C 2 H 5 ; 

25 R 5 isCH 3 or 
o 
II 

R 6 is CR 7 t wherein R 7 is -OCH 3 or -OC 2 H 5 . 

3. The composition of claim 1 characterized by a 
30 triazolinone of the formula 
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and a dichloro- or chloro-lower alkylphenoxy lower 
alkanoic acid or its corresponding herbicidally 
effective ester, or alkali metal or ammonium salts in 
admixture with a suitable carrier. 
5 4. The composition of claim 3 characterized in 

that the phenoxy alkanoic acid is 2,4-D. 

5. The composition of claim 3 characterized in 
that the phenoxy alkanoic acid is 2,4-D ammonium salt. 

6. The composition of claim 3 characterized in 
10 that the phenoxy alkanoic acid is MCPA ammonium salt. 

7. The composition of claim 3 characterized in 
that the phenoxy alkanoic acid is MCPPp. 

8 . The composition of claim 2 characterized in 
that the triazolinone is 

15 




CH 2 CH(CI)C0 2 C 2 H 6 



20 and the sulfonylurea is metsulfuron-methyl, in admixture 
with a suitable carrier. 

9. The composition of claim 2 characterized in 
that the triazolinone is 



CI— <( ) ) N >l— CHF 2 

=^ CH 3 

CH 2 CH(CI)C0 2 C 2 H 6 



25 and the sulfonylurea is chlorosulfuron, in admixture 
with a suitable carrier. 

10. The composition of claim 2 characterized in 
that the triazolinone is 
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and the sulfonylurea is tribenuronmethyl , in admixture 
with a suitable carrier. 

11. The composition of claim 2 characterized in 
that the triazolinone is 




5 and the sulfonylurea is thif ensulf uronmethyl , in 
admixture with a suitable carrier. 

12. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 
desired a herbicidally effective amount of the 

10 composition of claim 1. 

13. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 
desired a herbicidally effective amount of the 
composition of claim 2. 

15 14. A method for controlling undesired plant growth 

characterized by applying to the locus where control is 
desired a herbicidally effective amount of the 
composition of claim 3. 

15. A method for controlling undesired plant growth 
20 characterized by applying to the locus where control is 

desired a herbicidally effective amount of the 
composition of claim 4. 

16. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 
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desired a herbicidally effective amount of the 
composition of claim 5. 

17. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 

5 desired a herbicidally effective amount of the 
composition of claim 6. 

18. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 
desired a herbicidally effective amount of the 

10 composition of claim 7. 

19. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 
desired a herbicidally effective amount of the 
composition of claim 8. 

15 20. A method for controlling undesired plant growth 

characterized by applying to the locus where control is 
desired a herbicidally effective amount of the 
composition of claim 9. 

21. A method for controlling undesired plant growth 
20 characterized by applying to the locus where control is 

desired a herbicidally effective amount of the 
composition of claim 10. 

22. A method for controlling undesired plant growth 
characterized by applying to the locus where control is 

25 desired a herbicidally effective amount of the 
composition of claim 11. 



30 
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ethyl and sulfentrazone. herbicidal compositions of said 
mixtures, and a method for the use of said mixtures to 
control undesired vegetation. 
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HERBICIDAL MIXTURES 



FIELD OF THE INVENTION 
The present invention relates to mixtures of herbicides 
that have a synergistic effect on weeds. 

BACKGROUND OF THE INVENTION 

The control of undesired vegetation is extremely impor- 
tant in achieving high crop efficiency. This can be achieved 
by the selective control of the growth of weeds in such 
useful crops as soybean, among others. Unchecked weed 
growth in such useful crops can cause significant reduction 
in productivity and thereby result in increased costs to the 
consumers. The need for finding products that achieve such 
results continues to be commercially important. 

Combinations of herbicides are typically used to broaden 
the spectrum of plant control or enhance the level of control 
of any given species through additive effect Certain rare 
combinations surprisingly give a greater-than- additive or 
synergistic effect. Such a valuable combination has now 
been discovered. 

WO 94/09629 discloses mixtures of sulfonylureas and 
triazolinones. but does not disclose the mixtures of this 
invention. U.S. Pat. Nos. 4.547.215 and 4.818.275 disclose 
Formula I compounds and the Formula n compound, 
respectively, but do not disclose the mixtures of this inven- 
tion. 

SUMMARY OF THE INVENTION 

This invention relates to mixtures of the sulfonylurea of 
Formula I 



CO3CH3CH3 



the sulfonyl isocyanate of Formula 1 with the heterocyclic 
amine of Formula 2. 



CO2CH2CH3 

5 0— I 



15 



25 



30 




II 

S(0)2NHCNH 




35 



OCH3 



(ethyl 2-[[ [[(4-chloro-6-methoxy-2-pyriniidinyl)amino] 
carbonyl)amino]sulfonyl]benzoate. chlorimuron ethyl) and 
agriculturally suitable salts thereof with the triazolinone of 
Formula II 



40 



CH 3 S(0) 2 NH 



HF2C' 




O 



CI 



CI 



N — I 



10 



OCH3 



The mixtures of the present invention can include the 
sulfonylurea of Formula I as one or more of its agriculturally 
suitable salts. These can be prepared in a number of ways 
known in the art. For example, metal salts can be made by 
contacting the sulfonylurea of Formula I with a solution of 
an alkali or alkaline earth metal salt having a sufficiently 
basic anion (e.g.. hydroxide, aikoxide. carbonate or 
20 hydride). Quaternary amine salts can be made by similar 
techniques. 

Salts of the sulfonyl urea of Formula I can also be 
prepared by exchange of one cation for another. Cationic 
exchange can be effected by direct contact of an aqueous 
solution of a salt of the sulfonylurea of Formula I (e.g.. alkali 
or quaternary amine salt) with a solution containing the 
cation to be exchanged. This method is most effective when 
the desired salt containing the exchanged cation is insoluble 
in water and can be separated by filtration. 

Exchange may also be effected by passing an aqueous 
solution of a salt of the sulfonylurea of Formula I (e.g.. an 
alkali metal or quaternary amine salt) through a column 
packed with a cation-exchange resin containing the cation to 
be exchanged for that of the original salt and die desired 
product is eluted from the column. This method is particu- 
larly useful when the desired salt is water soluble (e.g.. a 
potassium, sodium or calcium salt). 

The Formula n triazolinone can be prepared by methods 
described in U.S. Pat. No. 4.818.275 which involve the 
reaction of the aniline of Formula 3 with methanesulfonyl 
chloride (Formula 4) in the presence of a base like triethy- 
lamine in a solvent like dichlorometh a ne. 



45 



O CI 



(N-|2,4-dichloro-5-[4-(difluoromethyl)-4,5-dihydro-3- 
methyl -5 -oxo- 1H- 1 .2 .4- triazol- l-yl]phenyl) 
methanes ulfonamide. sulfentrazone), which have now been 
discovered to synergistically control weeds. This invention 
also relates to herbicidal compositions comprising effective 55 
amounts of the aforesaid mixtures and at least one of the 
following: surfactant, solid or liquid diluent This invention 
also relates to a method for controlling undesired vegetation 
comprising applying to the locus of the vegetation herbicid- 
ally effective amounts of the aforesaid mixtures. 60 

For reason of weed control spectrum and/or crop 
selectivity, the preferred crop for application of the mixtures 
of this invention is soybean. 

DETAILS OF THE INVENTION 65 
The Formula I compound is prepared as described in U.S. 
Pat No. 4.547.215. The synthesis involves the reaction of 



NH2 



HFzC' 




r Ho 



CI + CHj^OfcCl 



50 o ci 

3 4 

Formulation/Utility 

The mixtures of the Formula I and Formula II compounds 
can be formulated in a number of ways: 

(a) the Formula I and Formula II compounds can be 
formulated separately and applied separately or applied 
simultaneously in an appropriate weight ratio, e.g.. as a 
tank mix; or 

(b) the Formula I and Formula II compounds can be 
formulated together in the proper weight ratio. 

Mixtures of the Formula I and Formula II compounds will 
generally be used as a formulation with an agriculturally 
suitable carrier comprising a liquid or solid diluent and/or a 
surfactant wherein the formulation is consistent with the 
physical properties of the active ingredients, mode of appli- 
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cation and environmental factors such as soil type, moisture 
and temperature. Useful formulations include liquids such as 
solutions (including emulsifiable concentrates), 
suspensions, emulsions (including microemul sions and/or 
suspoemulsions) and the like which optionally can be thick- 
ened into gels. Useful formulations further include solids 
such as dusts, powders, granules, pellets, tablets, films, and 
the like which can be water-dispersible ( 41 wettable") or 
water-soluble. Active ingredients can be (micro) 
encapsulated and further formed into a suspension or solid 
formulation; alternatively the entire formulation of active 
ingredient can be encapsulated (or "overcoated"). Encapsu- 
lation can control or delay release of the active ingredients. 
Sprayable formulations can be extended in suitable media 
and used at spray volumes from about one to several 
hundred liters per hectare. High-strength compositions are 
primarily used as intermediates for further formulation. 

The formulations will typically contain effective amounts 
of active ingredients, diluent and surfactant within the 
following approximate ranges which add up to 100 percent 
by weight 





Active 
Ingredient 


Diluent 


Surfactant 


Water-Dispersible and 


5-90 


0-94 


1-15 


Water-soluble 








Granules, Tablets and Powders. 






0-15 


Suspensions, Emulsions, 


5-50 


40-95 


Solutions 








(including Emulsifiable 








Concentrates) 






0-5 


Dusts 


1-25 


70-99 


Granules and Pellets 


0.0I-S9 


5-99.99 


0-15 


High Strength Compositions 


90-99 


0-10 


0-2 



stabilized aqueous sulfonylurea or agriculturally suitable 
sulfonylurea salt dispersions are taught in U.S. Pat No. 
4,936,900. Solution formulations of sulfonylureas with 
improved chemical stability are taught in U.S. Pat No. 
4.599.412. Dusts and powders can be prepared by blending 
and. usually, grinding as in a hammer mill or fluid-energy 
mill. Suspensions are usually prepared by wet-milling; see. 
for example, U.S. Pat No. 3.060.084. Granules and pellets 
can be prepared by spraying the active material upon pre- 
formed granular carders or by agglomeration techniques. 
See Browning, "Agglomeration**. Chemical Engineering, 
Dec. 4, 1967, pp 147-48, Perry's Chemical Engineer's 
Handbook, 4th Ed.. McGraw-Hill. New York; 1963. pages 
8-57 and following, and WO 91/13546; Pellets can be 
prepared as described in U.S. Pat. No. 4.172.714. Water- 
dispersible and water-soluble granules can be prepared as 
taught in U.S. Pat. No. 4.144.050, U.S. Pat No. 3.920,442 
and DE 3.246,493. Tablets can be prepared as taught in U.S. 
Pat No. 5,180.587. U.S. Pat. No. 5.232.701 and U.S. Pat 
No. 5,208.030. Fills can be prepared as taught in GB 
2.095,558 and U.S. Pat. No. 3,299.566. 

For further information regarding formulation, see U.S. 
Pat No. 3235361. Col. 6, line 16 through Cot 7. line 19 
and Examples 10-^1; U.S. Pat No. 3309.192. CoL 5. line 
43 through CoL 7, line 62 and Examples 8, 12. 15. 39, 41. 
52. 53, 58. 132, 138-140, 162-164, 166, 167 and 169-182; 
U.S. Pat. No. 2.891.855. Col. 3. line 66 through Col. 5, line 
17 and Examples 1-4; Klingman. Weed Control as a 
Science. John Wiley and Sons, Inc., New York. 1961. pp 
81-96; and Hance et at. Weed Control Handbook, 8th Ed., 
30 Blackwell Scientific Publications, Oxford, 1989. 

In the following Examples, all percentages are by weight 
and all formulations are prepared in conventional ways. 
Compound numbers refer to compounds identified on Page 
8. 



10 



15 



20 



25 



Typical solid diluents are described in Watkins; et aL, 
Handbook of Insecticide Dust Diluents and Carriers, 2nd 
Ed., Dorland Books. Caldwell. NJ. Typical liquid diluents 
are described in Marsden. Solvents Guide, 2nd Ed.. 
Interscience. New York. 1950. McCutcheon's Detergents 
and Emul sifters Annual, Allured PubL Corp.. Ridgewood. 
NJ.. as well as Sisely and Wood. Encyclopedia of Surface 
Active Agents. Chemical Publ. Co.. Inc., New York. 1964, 
list surfactants and recommended uses. All formulations can 
contain minor amounts of additives to reduce foam, caking, 
corrosion, microbiological growth and the like, or thickeners 
to increase viscosity. 

Surfactants include, for example, polyethoxylated 
alcohols, polyethoxylated alkylphenols. polyethoxylated 
sorbitan fatty acid esters, dialkyl sulfosuccinates. alkyl 
sulfates, alkylbenzene sulfonates, organosilicones. N,N- 
dialkyltaurates, lignin sulfonates, naphthalene sulfonate 
formaldehyde condensates, polycarboxylates. and 
polyoxyethylene/polyoxypropylene block copolymers. 
Solid diluents include, for example, clays such as bentonite, 
montmorillinite, attapulgite and kaolin, starch, sugar, silica, 
talc, diatomaceous earth, urea, calcium carbonate, sodium 
carbonate and bicarboixate, and sodium sulfate. Liquid 
diluents include, for example, water. N,N- 
dimethylf ormamide, dimethyl sulfoxide. 
N-alkylpyrrolidone. ethylene glycol, polypropylene glycol, 
paraffins, alkylbenzene s. alkylnaphthalenes. oils of olive, 
castor, linseed, tung. sesame, corn, peanut, cotton- seed, 
soybean, rape-seed and coconut, fatty acid esters, ketones 
such as cyclohexanone, 2-heptanone. isophorone and 
4-hydroxy-4-methyl-2-pentanone, alcohols such as 
methanol. cyclohexanoL decanol and tetrahydrofurfuryl 
alcohol. 

Solutions, including emulsifiable concentrates, can be 
prepared by simply mixing the ingredients. Chemically 



35 



EXAMPLE A 



High Strength Concentrate 



40 



45 



50 



55 



60 



65 



Compound 1 
Compound 2 
silica aerogel 

synthetic amorphous fine silica 



4.7% 
93.8% 
0.5% 
1.0%. 



EXAMPLE B 



Wettable Powder 



Compound 1 


0.9% 


Compound 2 


64.1% 


dodecylnhenol pory ethylene glycol ether 


2.0% 


sodium lignmsulfonate 


4.0% 


sodium silicoahrminflte 


6.0% 


ox>ntnKmUoaite (calcined) 


23.0%. 



EXAMPLE C 



Granule 



Compound 1 
Compound 2 

attapulgite granules (low volatile matter, 
0.71/0.30 mm; U.S.S. No. 25-50 sieves) 



0.4% 
9.6% 
90.0%. 
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EXAMPLE D 




Aqueous Suspension 


Compound 1 


0.4% 


Compound 2 


24.6% 


hydrated attapulgite 


3.0% 


crude calcium lignmsulfooate 


10.0% 


sodium dihydrogen phosphate 


0.5% 


water 


61.5%. 


EXAMPLE E 


Extruded Pellet 


Compound 1 


03% 


Compound 2 


243% 


anhydrous sodium sulfate 


10.0% 


crude calcium Ugnmsulfbnate 


5.0% 


sodium atkylnaphlhalenesulfoaEte 


1.0% 


c ale Lum/magne stum bentonite 


59.0%. 
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and the herbici dally effective amount of the Formula II 
compound is a rate from 0.001 to 2 kg ai/ha. Preferably, the 
herbicidally effective amount of the Formula I compound is 
a rate from 0.001 to 0.5 kg ai/ha, and herbicidally effective 
amount of the Formula n compound is a rate of 0.01 to 1 kg 
ai/ha. One skilled in the art can readily determine application 
rates and ratios of the herbicide of Formula I to the herbicide 
of Formula II as well as timing necessary for the desired 
level of weed control and crop safety. 

The following Formula I sulfonylurea (Compound 1) was 
tested in combination with the Formula II triazolinone 
(Compound 2). 



Test results indicate that mixture of compounds of For- 
mula I and Formula n are highly active herbicides, provid- 
ing unexpected synergistic control of selected grass and 
broadleaf weeds. The mixtures are valued, because they 
retain acceptable levels of crop selectivity in certain agro- 
nomic crops such as soybean and corn. The mixtures are 
particularly valued because of acceptable level of crop 
selectivity they retain in soybeans. 

The Formula I and Formula II mixtures of this invention 
can additionally be used in combination with other com- 
mercial herbicides, insecticides or fungicides. A mixture of 
one or more additional herbicides with the Formula I and 
Formula II mixtures of this invention may be particularly 
useful for weed Control. Examples of other herbicides as 
mixture partners are: acetochlor. acifluoren. alachlor. 
atrazine. benazolin. bentazon. butylate, methyl [[2-chioro 
4-fluoro-5-| (5,6,7. 8-tetrahydro-3-oxo-lH.3H-[ 1.3.41 
thiadiazolo j 3 ,4-a Jpyridazin- 1 -y lidene )amino] phenyl ]thio J 
acetate, clethodim. clomazone, clopyralid, cloransulam- 
methyl, cyanazine. 2,4-D, 2.4-DB, dicamba. a,2-dichloro-5- 
[4-(dmuoromethyl)-4^-dihydro-3-methyl-5-oxo- 1H-1 .2.4- 
triazol- l-yl]4-fluorobenzeoepropanoate. 2-[4.5-dihydro-4- 
methyl-4-(l«methylethyl)-5-oxo-lH-imidazol-2-yl]-5- 
(methoxylmethyl)-3-pyridinecarboxylic acid, 
dimethenamid, EPTC. ethalfluralin. fenoxaprop. fluazifop. 
fluazifop-P. flumetsulam. fluminclorac pentyl ester, 
flumioxazin. fomesafen. glufosinate, glyphosate. 
halosulfuron. haloxyfop. imazaquin. imazethapyr, 
isoxaflutole. lactofen, linuron, MCPA, N- f [ (4-methoxy-6- 
methyl-1.3.5-triazin-2-yl)aminolcarbonylj-2-(3.3.3- 
trifl uoropropyl)benzenesulf onamide. metolachlor, 
metribuzin. mefluidide. nicosulfuron. 3-oxetanyl 2-[[[[(4.6- 
dimethyl-2-pyriinidmyl)aminoJcarbonyl]amino]sulfonyl] 
benzoate. paraquat, pendimethalin. prinusulfiiron. pyridate. 
quizalofop-ethyl. quizalofop-P-ethyl. sethoxydim. simazine, 
sulcotdone, thiafluamide. thiensulfuron, tridiphane, 
trifluralin, vernolate. 

A herbicidally effective amount of both compounds of 
Formula I and Formula II will vary depending on the specific 
compounds selected, environmental conditions, 
formulation, method of application, amount and type of 
vegetation present, etc. The use ratios of Formula I and 
Formula II are in general 1:20 to 1:75, with ratios of 1:25 to 
1:60 preferred for most uses. A ratio of 1:50 is particularly 
preferred. In general, the herbicidally effective amount of 
the Formula I compound is a rate from 0.0005 to 1 kg ai/ha. 



CO2CH2CH3 



15 



20 



O 
II 



^(^^ ~~ S(0)2NHCNH 




OCH3 



Compound 1 

CHjS(0)2NH 



HjC M 



HF2C 




O CI 



30 



35 



40 



45 



50 



55 



60 



65 



Compound 2 

The following test protocol was used for the tests in 
Tables 1 and 2. The data demonstrate the efficacy of the 
Formula I and Formula n mixtures of this invention against 
specific weeds. The weed control afforded by the mixtures of 
this invention are not limited, however, to these species. 
Test Protocol 

Soybeans (Glycine max, GLXMA), corn (Zea mays, 
ZEAMX), cocklebur (Xanthium strumarium, XANTH), and 
velvetfl eaf (Abutilon theophrastU ABUTH) were planted in 
20-cm diameter pots which contained a sandy loam soil with 
1.4% organic matter or silt loam soil with 3.5% organic 
matter. Compound 1 was formulated as a single active 
ingredient in 26.9% dry flowable granules, and Compound 
2 was formulated as a single active ingredient in 79.6% dry 
flowable granules. Compounds I and 2 were applied 
preemergence to the soil surface of pots alone and as a 
mixture in a ratio of 1:46.7. Formulated herbicides of 
Compounds 1 and 2 were diluted in an aqueous solution to 
the appropriate concentration to deliver the desired use rate. 
Treatments were applied using a stationary laboratory cir- 
culating belt sprayer which was calibrated to deliver 280 
L/ha through a single nozzle. Individual treatments were 
replicated three times and treatments were positioned in a 
greenhouse in a randomized complete block design. Natural 
light in the greenhouse was supplemented with artificial 
light to achieve a photoperiod of 14 nr. 

Assessments of weed control and crop injury were made 
by visually evaluating plants at 21 days after treatment 
Visual rating was made using a 0 to 100% scale where 0% 
represents no difference relative to an untreated control and 
100% represents complete kill of the given crop or weed 
species. 

Colby's equation was used to calculate the expected 
additive herbicidal effect of the mixtures of Compound 1 and 
Compound 2. Colby's equation (Colby. S. R. "Calculating 
Synergistic and Antagonistic Responses of Herbicide 
Combinations." Weeds, 15(1). pp 20-22 (1967)) calculates 
the expected additive effect of herbicidal mix aires, and for 
two active ingredients is of the form: 
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wherein is the percentage effect of the mixture expected 
from additive contribution of the individual components. 

P a is the observed percentage effect of the first active 
ingredient at the same use rate as in the mixture, and 

V b is the observed percentage effect of the second active 
ingredient at the same use rate as in the mixture. 

Tables 1 and 2 represent final assessment of weed control 
and crop injury at 21 days after treatment with Compound 1 
and Compound 2 applied alone as single active ingredients, 
applied as a mixture of the two active ingredients of Com- 
pound 1 and Compound 2. and the expected additive effect 
of the herbicidal mixture of Compound 1 and Compound 2 
(Colby's equation). Different ratios of Compound 1 to 
Compound 2. and different formulation types, also provide 
useful weed control from the combination of the two her- 
bicides. 

TABLE 1 _ 

Effect of Compound 1 and Comound 2 as active ingredients alone 
and in a mixture on Glycine max (GLXMA), Zea mays (ZEAMX), 
Xnnthium strumarium (XANTH), and Abunlon theophmsti (ABUTH) 
in a sandy loam soil containing 1.4% o«-fr°"^ matter. 



Evaluation 21 days after treatment i 



Com- 



* injury 



% Control 



pound Rate (g ai/ha) GLXMA ZEAMX XANTH ABUTH 
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TABLE 2-continued 



Effect of Compound 1 and Comound 2 as active ingredients alone 
and in a mixture on Glycine max (GLXMA), Zea mays (ZEAMX), 
Xanttnum stnunarium (XANTH), and Abutiion theophmsti (ABUTH) 
in a silt loam soil containing 3.5% organic matter 



Evaluation 21 days after treatment 



Com- 



10 



15 



% Injury 



% Control 



pound Rate (g ai/ha) GLXMA ZEAMX XANTH ABUTH 



1 +2 



20 



70 


0 


7 


27 


97 


105 


13 


33 


77 


83 


140 


23 


43 


100 


100 


280 


63 


90 


100 


100 


0.75 + 35 


o(or 


20(27) 


90(25) 


67 (24) 


1.1 + 42.5 


10 (3) 


43 (29) 


80 (36) 


70 (32) 


1.5+70 


0(3) 


37 (51) 


8(45) 


80(98) 


2,2 + 105 


13 (22) 


27 (67) 


77(97) 


80 (89) 


3 + 140 


30(31) 


47 (81) 


97 (100) 


93 (100) 


6+280 


77(66) 


67 (96) 


100 (100) 


100 (100) 



♦Expected effects in parentheses are calculated according to Colby, S. R , 
"Calculating Synergistic and Antagonistic Responses of Herbicide 
Combination, " Weeds, 15 (1\ pp 20-22 (1967). 

What is claimed is: 

1. A herbicidal mixture comprising the compound of 
Formula I 



1 


0.19 


0 


30 


15 


30 




0.28 


0 


47 


0 


40 




038 


0 


30 


7 


30 




0.56 


0 


40 


20 


27 




0.75 


0 


47 


20 


40 




1.5 


3 


57 


67 


57 


2 


8.8 


0 


0 


0 


0 




13.1 


0 


0 


0 


3 




17.5 


0 


3 


0 


10 




26.2 


0 


0 


0 


7 




35 


0 


10 


5 


10 




70 


0 


13 


35 


37 


1 + 2 


0.19 ± 8.8 


0(0)* 


27 (30) 


3(15) 


17 (30) 




0.28 + 13.1 


0(0) 


27(47) 


20(0) 


37 (42) 




038 + 17.5 


0(0) 


30(32) 


10 <7) 


40(37) 




0.56 + 26.2 


5(0) 


47 (40) 


33(20) 


73 (32) 




0.75 + 35 


3(0) 


50(52) 


50(24) 


73 (46) 




1.5 + 70 


7(3) 


53 (63) 


97 (79) 


87 (73) 



30 



CO2CH2CH3 
/ ( O 



CI I 

OCH3 

which is ethyl 2-[[l[(4-chlOTO-6^memoxy-2-pyriinidinyl) 
amino] carbonyl] amino] sulfonyl]benzoate (chlorimuron 
ethyl) and agriculturally suitable salts thereof and the com- 
pound of Formula II 



CH3S(0)2NH 



•Expected effects in parentheses are calculated according to Colby, S. R., 
"Calculating Synergistic and Antagonistic Responses of Herbicide 
Combination, " Weeds, 15 (IX PP 20-22 (1967). 
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TABLE 2 



Effect of Compound 1 and Comound 2 as active ingredients alone 
and in a mixture on Glycine max (GLXMA), Zea mays (ZEAMX), 
Xanthium stxwnarium (XANTH), and Abutiton theophmsti (ABUTH) 
in a silt loa m soil rmMtn^ 1 ^ % organic m atter. 



Com- 
pound 


Rate (g ai/ha) 


% mturv 


% Control 


GLXMA 


ZEAMX 


XANTH 


ABUTH 


1 


0.75 


0 


27 


0 


13 




1.1 


3 


27 


20 


20 




1.5 


3 


47 


25 


27 




2.2 


10 


50 


87 


37 




3 


10 


67 


83 


47 




6 


7 


63 


73 


67 


2 


35 


0 


0 


25 


13 




4Z5 


0 


3 


20 


15 



50 



55 



60 



65 



HFjC 



which is N-[2.4-dichloro-5-14-(difluoromethyl)-4.5- 
dihydro-3-methyl-5-oxo-lH-l^,4-triazol-l-yl]phenyl] 
methanes ulfonamide (sulfentrazone). wherein the ratio of 
the compound of Formula I to the compound of Formula II 
is in the range of 1:20 to 1:75. 

2. An agriculturally suitable composition for controlling 
the growth of undesired vegetation comprising an effective 
amount of the herbicidal mixtures of claim 1 and at least one 
of the following: surfactant, solid or liquid diluent. 

3. The composition of claim 2 wherein the undesired 
vegetation is the vegetation in a soybean crop. 

4. A method for controlling the growth of undesired 
vegetation comprising contacting the locus to be protected 
with a herbicidally effective amount of the composition of 
claim 2. 

5. The method of claim 4 wherein the locus to be 
protected is a soybean crop. 
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